Objective: Our study aimed at assessing the role of flexible bronchoscopy (FB) in improving diagnosis and management of children's respiratory conditions in the pediatric unit of FB, newly created and unique in Tunisia. Methods: Retrospective study including all the FB achieved in our pediatric unit from 2009 to 2014. Results: We performed 365 FB in 333 patients aged 46 months on average (1 month -15 years), often under conscious anesthesia (81.6%). FB was performed for diagnostic purposes in 341 cases and for therapeutic purposes in 24 cases. Eight anatomical abnormalities were revealed in 22 patients. An intraluminal bronchial obstruction was found in 71 FB, mainly due to a foreign body (n=36). A vascular anomaly was responsible for nine cases out of 17 extraluminal obstructions. Airways malacia was observed in 60 FB. Bronchoalveolar lavage was performed in 196 cases. It was determinant in 43.9% of the cases. FB was of great diagnostic value in 74.8% of the cases. It influenced the management of the patients in 58% of the cases. The FB for therapeutic purposes was beneficial in all cases. Few complications occurred (5.5%). Conclusion: FB is a safe tool providing precious diagnostic and/or therapeutic help for the clinician. Tunisia. Afri Health Sci. 2016;16(1): 51-60. http://dx.doi.org/10.4314/ahs.v16i1.7 Introduction Pediatric pulmonology has experienced significant progress in recent decades in the understanding and management of respiratory diseases of children, becoming a specialty in itself. The development of diagnostic tools, including flexible bronchoscopy (FB), has contributed much to the development of this specialty.
Introduction
Pediatric pulmonology has experienced significant progress in recent decades in the understanding and management of respiratory diseases of children, becoming a specialty in itself. The development of diagnostic tools, including flexible bronchoscopy (FB), has contributed much to the development of this specialty.
In adults, FB, used since 1967, has allowed a safer diagnostic approach and is more informative than rigid bronchoscopy. Thanks to the miniaturization of devices, in 1978, Wood 1 was able to describe a flexible endoscope prototype for pediatric use. With innovations in the field of fiber optics, this instrument has evolved to enable the exploration of the bronchial tree by video endoscopy at any age, even in preterm infants.
At present, the indications for FB have widened, making it an inevitable tool in pediatric pulmonology. It is indicated for a diagnostic or therapeutic purpose. FB allows direct exploration of the bronchial tree and provides information about its anatomy and the existence of a possible intrinsic or extrinsic obstacle on the airway. It helps in the diagnosis of dynamic abnormalities such as malacia, undiagnosed by rigid bronchoscopy 2 
.
It also allows the realization of some samples, the bronchoalveolar lavage (BAL) in particular. The BAL is considered as a key exam in various conditions such as chronic interstitial lung diseases. FB also helps in the treatment of some pathologies such as a foreign body granuloma by cryotherapy, or pulmonary alveolar proteinosis (PAP) by a therapeutic BAL 3, 4 .
In Tunisia, for several years, FB in children was carried out in adult pulmonology departments. In January 2009, a pediatric bronchoscopy unit was created in the children's hospital of Tunis. Our study aimed at assessing the FB role in improving diagnosis and the management of children's respiratory conditions in this unit through the analysis of the FB indications, its results, and its complications.
Material and methods Study design
Our study was retrospective covering a period of six years from January 2009 to December 2014. It enrolled all FB performed at the FB unit in the Children's Hospital of Tunis. We included all patients who had this exam regardless of the original department, FB indication and its outcome. Patients who had not undergone FB because they had one of those contraindications: severe hypoxemia, unstable hemodynamics, cardiac arrhythmia, an active massive hemoptysis, or bleeding disorders, were excluded.
Flexible bronchoscopy procedure
To make an FB procedure, a general protocol was followed. First, before each FB, the exam was explained to the parents and /or the child. Oral consent was obtained. Six hours fasting was required before the FB and two after. FB could be performed in the bronchoscopy unit, an intensive care unit (ICU), or in a surgical operating room. The choice depended on the FB indication and the patient's clinical condition. Small fiberoptic bronchoscope (Table 1 ) (outer diameter of 3.4 mm to 3.8 mm) was used for patients under ten. For older patients, fiberoptic bronchoscopes with an outer diameter between 4.9 mm and 5.5 mm were used. The bronchoscopes were sterilized automatically before and after each use. All FB were undertaken by the same pediatric pulmonologist trained in bronchoscopy. Pulse oximetry monitoring was assured systematically during the FB.
In the bronchoscopy unit, N 2 O inhalation (50%) and intravenous midazolam (dosage: 0.1 mg/kg) were applied. No anesthesia was administered in infants aged under six months. In an ICU or in an operating room, conscious or general anesthesia was provided by the intensivist. General anesthesia was induced with propofol (3 mg/kg) and fentanyl (3 μg/kg); then, the patient received propofol (10 mg/kg). In all cases, local anesthesia based on idocaine was administered in the nose (2%), larynx, trachea and bronchi (1%). After crossing the upper airway, a careful exploration of the tracheobronchial tree was made. Then, sampling was performed according to the FB indication and the endoscopic findings. It consisted of a BAL, ciliary brushing, and/or bronchial biopsy. The BAL was achieved at a lobar or segmental orifice. It was based on an injection of three physiological saline samples of 1 ml/kg followed by a gentle sucking after each instillation. The collected liquid was sent for microbiological and/or histological study.
Therapeutic BAL always occurred in an operating room under general anesthesia. In a single lung, all lobes were successively treated with a total volume equal to 150 ml/kg of physiological saline held at 37 ° C. The aspiration was made by fractions of 20 to 50 ml. Methylene blue test was indicated when esophageal-tracheal fistula (ETF) was suspected. The substance was introduced in the esophagus through a gastric tube progressively, retrograde and simultaneously to an endoscopic trachea and hull exploration. The fibro-aspiration consisted in unblocking airways facilitated, if needed, by the instillation of a few saline milliliters in situ.
Data collection
Data collection was based on FB reports. Each report included the patient's age, the original department and the FB indication. The details of the FB implementation, its outcome and complications were also recorded. The result of the specimens was noted for each patient. The contribution of the FB was evaluated from medical files data.
Statistical analysis
Our study was cross-sectional and descriptive. The data was entered using Excel software as qualitative values and numbers with an expression as a percentage. The statistical results were presented as percentages, tables and/or diagrams. The association between variables was searched using the Chi square test. The significance level of "p" was 0.05.
Results
We carried out 365 FB in 333 patients. The mean activity was 61 FB per year. The FB was performed under conscious anesthesia in 81.6% of the cases. It took place in the endoscopy room (85.5%), in an ICU (9.9%) and in a surgical operating room (4.6%). The 333 patients were divided into 199 boys and 134 girls (sex ratio = 1.4), and aged three years and ten months on average [range, 1 month; 15 years]. Patients were aged under two years in 57.9% of the cases ( Figure 1 ). Eighteen patients had more than one FB mainly for the assessment of specific treatment efficiency (n=9) and for therapeutic BAL (n=2).
African FB was performed for diagnostic purposes in 341 cases (93.4%). The first indication was a suspicion of foreign body aspiration (n = 77) ( Figure 2 ). Twenty-four FB (6.6%) were performed for therapeutic purposes. Expected tasks were a mucus plug aspiration in ventilated patients (n = 9), a therapeutic BAL (n = 9), and a difficult intubation (n = 6). Twenty-two patients had morphological abnormalities consisting in bronchial stenosis (n = 5), lung hypoplasia or agenesis (n = 5), isomerism or situs inversus (n = 4), bronchial tree distortion (n = 4), tracheal bronchus (n = 3), and tear of the vocal cord (n = 1). An intrinsic airway obstruction was observed in 71 FB (19.4%). It was mostly left (n = 44, 62%), not crossable (n = 51, 72%), and mainly due to a foreign body (n = 36). A carcinoid tumor was revealed in one patient and a plastic bronchitis in two ( Figure 3 ).
Extrinsic compression was found in 17 FB (4.6%). It was crossable in all the cases, and particularly related to a vascular anomaly (n = 9). Airway dyskinesia was objectified in 60 FB (16.4%). Tracheomalacia was the most often reported (n = 52) and was most often moderate (n = 20) ( 
Figure 4: Bronchoalveolar lavage indications for diagnostic purposes (n=196)
The BAL was systematic for suspected pulmonary tuberculosis (n = 19), and interstitial lung diseases (n = 13). BAL microbiological analysis, performed in 161 cases, showed germs in 35.4% of the cases, Haemophilus influenzae being the major one (n = 25). The BAL led to Mycobacterium tuberculosis isolation in five cases of suspected pulmonary tuberculosis out of 19 and in two bronchiectasis cases (Table 3) . 
Isolated microorganisms Number of cases

Haemophilus influenzae 25
Haemophilus parainfluenzae 9
Mycobacterium tuberculosis 7
Streptococcus pneumoniae 6
Branhamella catarrhalis 5
Staphylococcus aureus 1
Klebsiella pneumoniae 1
Virus Respiratoire Syncytial 1
Cyto-Mégalo Virus 1
Bocavirus 1
No pathogens 104
Total 161
Positive BAL culture (Mycobacterium tuberculosis excluded) was mostly noted in "RPI" and "bronchiectasis" groups (64%). No association was found between positive BAL culture and inflammation or purulent mucus aspect. BAL cytology was essential to etiological diagnosis in 27% of the cases (19/70) (Table 4, Figure 5 ). Methylene blue test (n = 8) concluded to a permeable ETF in half the cases (Figure 3) . Bronchial brushing was performed in 31 cases. The specimens have been on examination by an electronic microscope. No results have been available yet.
Among the 24 FB realized for therapeutic purposes, the intubation succeeded in all cases (n = 6). The mucus plug aspiration was achieved in six cases. The FB rectified the assumption of bronchial mucus plug by objectifying an extrinsic compression in two cases and a severe malacia in one case. A complete clinical remission was obtained after four therapeutic BAL ( Figure 5 ), spaced three to four months for each one, in one case of PAP diagnosed at the age of four months. CT scan findings at control were stable in the second PAP case.
We can say that, when performed for diagnosis purposes, FB led to (or contributed to elaborating) a specific diagnosis or excluded others in 255 cases (74.8%). The degree of its contribution varied according to FB indications. It was effective in "foreign body suspicion", "ETF", "loculated recurrent pneumonia" and "stridor and bronchopulmonary malformations" groups. It was limited in "bronchiectasis" and "hemoptysis" groups. The BAL result was determinant in 86 cases (43.9%). The FB findings influenced the management of the patients in 198 cases (58%). The FB performed for therapeutic purposes was beneficial in all cases.
Complications occurred in 20 FB (5.5%). It was minor in six cases (a slight desaturation) and major in 14 cases (deep desaturation under 90% (n = 12), convulsion (n =1), abundant epistaxis (n = 1). The 12 patients presenting with deep desaturation during or immediately after the FB were under one year in half the cases and had a severe respiratory disease in all cases. Three of them had BAL. However, the major cause of that complication was the mechanical ventilation interruption during the FB. Because of fasting, antiepileptic therapy was not administered in one case inducing convulsion.
Discussion
FB is an integral part of the exploration of acute or chronic respiratory diseases in children. In our study, the FB for diagnostic purposes was of great diagnostic value in 74.8% of the cases. The major benefit was observed in the group "foreign body suspicion", "ETF", "loculated recurrent pneumonia" and "stridor and bronchopulmonary malformations". The FB contribution was poor in the "bronchiectasis" group probably because of the absence of electron microscopy study of the ciliary samples. On the other hand, the BAL for diagnosis purposes was beneficial in 43.9% of the cases. All these exams have modulated the subsequent management of the patients in 58% of the cases. The FB for therapeutic purposes was beneficial in all cases. Complications were rare (5.5%), mainly explained by the clinical presentation and the absence of a parallel sufficient ventilation. The risk/benefit ratio should be better assessed before performing a FB in patients with high oxygen supplies.
In 2001, the French pediatric pulmonology group had evaluated the FB practice in children in France
5
. A total of 3886 FB was realized during that year by 65 pediatric pulmonologists in 35 centers. The activity average per center was 116 FB per year range, 6; 360]. Of the 35 centers, ten (29%) were performing less than 50 FB per year, 12 (34%) between 50 and 100 FB per year, and 13 (37%) more than 100 FB per year. Fifteen centers carried out FB in a surgical operating room, 13 in a dedicated room, and seven in a shared room with gastric endoscopy.
Conscious sedation respects the spontaneous breathing of the child, an essential parameter to detect tracheal dyskinesia 6 . General anesthesia has the advantage of the child's and the operator's comfort, but it requires a careful monitoring in an operating room 7 . The final choice of the anesthetic mode remains a joint decision between the operator and the anesthetist. In France, FB was systematically carried out under general anesthesia in 18 centers among the 35. Six centers could perform FB in both anesthesia modes with a preference for the conscious one. Eleven centers proceeded with conscious anesthesia 5 . In our study, the patients had conscious sedation more frequently than deep sedation because there was no permanent anesthetist assigned to our pediatric bronchoscopy unit.
FB and endoscopic sampling can confirm or decline several diagnoses but their contribution varies according to their indications, consisting mostly in bronchopulmonary chronic or recurrent symptoms or in searching an obstacle or an abnormal airway anatomy 4, [8] [9] [10] . In an Indian pediatric series on 529 FB, 284 (53.6%) were abnormal. FB was primarily motivated by RPI, persistent atelectasis and congenital stridor. It was abnormal in all cases of suspected pulmonary agenesis or ETF, in 88% of the cystic fibrosis cases, 79% of the stridor cases, 76% of the hemoptysis cases, and in 60% of the RPI cases. The BAL, performed in 469 patients, isolated a pathogen in 23% of the cases 11 . Barbato et al 8 published a survey on the bronchoscopy practice in children in 51 European centers. In one year, 7446 bronchoscopies were performed of which 4587 were FB. The main FB indications were RPI (17%), poorly controlled asthma (15.5%), persistent atelectasis (14.3%), and stridor (13.3%). The highest FB yield was found in the "stridor" group (81%). Besides the diagnostic yield, FB guides therapeutic management. It was ascertained in our series and in Carroll et al's 9 retrospective study of 180 pediatric FB (58% and 51%, respectively).
The BAL microbiological contribution is well established 3, 12 . In a recent prospective study of 56 children with non-cystic fibrosis bronchiectasis, FB and BAL have contributed to changing the therapeutic management in 25 cases 13 . However, although FB helps assess the airways disease in pulmonary tuberculosis 14, 15 , the BAL yield is limited. In a 255 children's BAL analysis, the acid-fast bacilli microscopy sensitivity and Mycobacterium tuberculosis culture was 8.4% and 28.9% respectively 16 . On the other hand, the BAL plays a major role in the interstitial lung disease diagnosis in children
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. It is also the mainstay of the PAP treatment. In our study, the therapeutic BAL cured the disease in one case and stabilized it in the other. Over a period of nine years, Badiozaman et al 18 performed 18 therapeutic BAL in nine children with PAP. The first BAL was performed after 20 months of evolution on average. Five children were healed.
Complications can occur immediately after the fiber-optic bronchoscope introduction as it interferes with basic respiratory physiological phenomena 19 . According to the Spanish recommendations 10 , they depend on risk factors related to the patient, anesthesia procedures, inappropriate choice of the endoscope size, and the operator's experience. The main complications are epistaxis, desaturation, cough, bronchospasm, an increase of tracheobronchial obstruction, hemorrhage, fever, and infection. De Blic et al 20 examined the complications of 1328 pediatric FB. At least one complication was found in 91 cases (6.9%). The most frequent minor complication was isolated excessive coughing (n = 22). Major complications were rare (1.7%) including first an isolated desaturation under 90% (n =21). They were associated with age under two years and laryngotracheal abnormalities. Fever was observed remotely after a BAL in 52 cases out of 277 (18.8%). Another prospective study of 91 pediatric FB recorded a significant association between fever within 24 hours post-FB and positive BAL culture 21 .
Although FB is a very useful tool, it is less efficient and less secure than rigid bronchoscopy in removing bronchial foreign bodies in children as compared to adults 22, 23 . However, the rigid bronchoscopy remains an invasive procedure. Therefore, it is not recommended for the initial investigation. Righini et al 23 conducted a prospective study in 70 patients with suspected foreign-body aspiration. Nineteen patients had undergone FB first and 51 rigid bronchoscopy first. The foreign body was found in seven cases in the first group, against 43 in the second group. The authors suggested rigid bronchoscopy prior to FB only in case of asphyxia, a radiopaque foreign-body, or an association of localized decreased breath sounds or wheezing, and emphysema or atelectasis. In our study, FB was performed for children with a doubtful penetration syndrome, atelectasis and/or localized emphysema. The FB also shows limits in exploring narrow airways or in case of massive hemoptysis. Virtual bronchoscopy is a 3-dimensional noninvasive technique allowing viewing the intraluminal tracheobronchial tree. It has the advantage of evaluating the downstream areas of tight strictures, not crossable by the endoscope. However, it cannot detect mucosal lesions, airway malacia, or perform sampling 24, 25 . In a series including 45 children, the virtual bronchoscopy confirmed FB abnormalities in 33 patients out of 38 and failed to detect a trachea-bronchial malacia in five cases. The sensitivity and specificity of the virtual bronchoscopy were respectively 86.6% and 85.7% 26 .
Conclusion
The establishment of our FB unit has helped develop a better diagnostic and therapeutic approach to several respiratory diseases. FB offers more benefits than the rigid bronchoscopy and the virtual endoscopy in children. It is usually safe. To minimize its complications, the FB indications should be carefully analyzed as well as the patient's clinical status and the appropriate anesthesia choice.
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